in combination with aroma extract dilution analysis AEDA has been utilized for estimating the contribution of the most odour-active compounds. AEDA is a useful method for obtaining desirable results on the odour-active compounds through sniffing analysis. By sniffing serial dilutions of the volatile oil, its volatile compounds can be ranked according to odour protency 6 . The odour potency is expressed as the flavor dilution FD -factor, which is the ratio of the concentration of a compound in the initial concentration to the most diluted concentration in which the odour could be detected by GC-O 7 .
Most of research concerning volatile oils conducted thus far focused on flavor and fragrance chemistry for flavor additives and the similar materials. However, interest in volatile oils and their components is now increasing because of potential multi-purpose functional use and their relatively safety 8 . This fact would imply significance that volatile oils obtained from medicinal plants and other plants are investigated for their functional. Several methods for rapid measurement of antioxidative activities of plants and foods, beverages, and biological samples have been developed for in vitro use. Among such methods, the oxygen radical absorbance capacity ORAC assay has gained much attention because it deals with peroxyl radicals, the most abundant radical in biological systems.
Here we reported the results of a study aimed to revealed the chemical composition of volatile oil from P. odorata. Furthermore, this is the first report of characteristic odour-active compounds and the antioxidant activity evaluation of the volatile oil from P. odorata.
EXPERIMENTAL 2.1 Plant material
Aerial parts of P. odorata were provided by Koei Kogyo Co., Ltd. Tokyo, Japan .
Isolation of the volatile oil
The dry aerial parts of P. odorata 200 g were subjected to hydrodistillation for 2 hour using a Likens-Nickersontype apparatus with diethyl ether as the collecting solvent to yield 17.2 mg 0.009 of yellowish oil. This oil was dried over anhydrous sodium sulfate and stored at 4 until the analysis was carried out.
Gas chromatography-mass spectrometry GC-MS
GC-MS was carried out on Agilent 6890-5973 fitted with a fused-sillica capillary column HP-5MS polydimethylsiloxane, 30 m 0.25 mm i.d., film thickness 0.25 mm and DB-WAX column 15 m 0.25 mm i.d., film thickness 0.25 mm . The oven temperature was programmed from 40-260 at a rate of 4 /min and held at 260 for 5 min. The flow rate of the carrier gas He was 1.5 mL/min. The injector and detector temperatures were 270 and 280 , respectively, with the actual temperature in the MS source being approximately 230 . The ionization energy was 70 eV and the mass range was 39-450 amu. Then, 6 mg of the volatile oil was diluted with 500 mL of diethyl ether, and then1 mL of the dilution was injected with a the split ratio was 1:30.
Gas chromatography-olfactometry GC-O
GC-O was carried out using an Agilent 6890N gas chromatograph equipped with an Agilent 5973N MSD mass spectrometer and an ODP2 sniffing port Olfactory Detector Port2, Gerstel, Tokyo, Japan . The GC was equipped with an HP-5MS column 30 m 0.25 mm i.d., 0.25 mm film thickness . The sample was injected into the GC in splitless mode. The GC effluent from the capillary column was split 1:1 v/v between the MS and the sniffing port. The oven conditions and the injector and detector temperatures were the same as for the GC analysis given above.
Aroma extract dilution analysis AEDA
The highest sample concentration 10 mg/mL was assigned an FD-factor of 1. The volatile oil was diluted stepwise with diethyl ether 1:1, v/v , and aliquots of the dilutions 1 mL were evaluated. The process continued until no further aromas could be detected by the assessors. The result was expressed as the FD-factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil in which the odour is still detectable by GC-O 9 . An odourant with a high FD-factor can be considered as an important contributor to the characteristic flavor. Based on the AEDA results, the relative flavour activity RFA was calculated using the following equation 10, 11 ;
RFA log FD-factor 2 n /S 0.5 where 2 n is the FD-factor and S is the weight percentage of a compound.
Identi cation and quanti cation of compounds
The compounds were identified by comparing of their Retention index RI and mass spectra with the published data 12 19 and digital libraries Mass Finder 4 and NIST02 , and Aroma Office version 3.0 Nishikawa Keisoku Co. Ltd. , which includes 72120 RI entries of compounds from literature sources. The RI was calculated using a homologous series of n-alkane C 5 -C 27 for the HP-5MS column. The quantitative composition of the volatile oil was performed using GC-FID by assuming the total oil to was 100 . The quantitative analysis of aroma active compounds of the volatile oil was based on the calibration curves for hexanol 4 , benzaldehyde 6 , 6-methyl-5-hepten-2-one 8 , 2-pentyl furan 9 , p-cymene 10 , phenylacetaldehyde 13 , 2-nonanone 17 , E -pinocarveol 21 , 4-keto-isophorone 22 , 3-butylpyridine 23 , β-caryophyllene oxide 60 and guaiol 62 within the concentration range 0.5-1000 mg/mL . Because of the lack of proper standards, α-eudesmol 66 and hexahydrofarnesyl acetone 73 were quantified by the calibration curves of β-eudesmol and 2-octadecanone, respectively. The weight-percent of each compound was calculated with response factors to the FID.
ORAC assay
The ORAC assay was carried out using fluorescein FL as the fluorescent probe as described previously in the literature method 20 . The automated ORAC assay was carried out on a MTP-800AFC Corona Electric Co., Ltd. with fluorescence filters for an excitation wavelength of 480 nm and emission wavelength of 540 nm. The measurements were made in a plate with 96-well, black flat-bottom plate Greiner Bio-One . The reaction was performed at 37 beginning with the thermal decomposition of AAPH in 75 mM phosphate buffer pH 7.4 because of the sensitivity of FL to pH. The fluorescein stock solution was prepared in 75 mM phosphate buffer pH 7.4 and stored under dark conditions at 4 . AAPH and trolox stock solutions in 75 mM phosphate buffer pH 7.4 were prepared daily. The samples were dissolved in 100 acetone and then diluted in a solution of 1 β-cyclodextrin and 50 acetone. The mixture was then incubated for 1 h at room temperature with mixing. Briefly, the reaction was performed in 75 mM phosphate buffer pH 7.4 and the final assay mixture 200 mL contained fluorescein 160 mL, 63 nM final concentration as an oxidizable substrate, AAPH 20 mL, 12.8 mM final concentration as an oxygen radical generator, and an antioxidant 20 mL, either trolox 5-20 mM, final concentration or a sample 50 mg/mL, final concentration . The reaction was performed at 37 , and fluorescence was recorded every minute for 120 min. A blank control using phosphate buffer rather than the antioxidant was carried out for each experiment. All reaction mixtures were prepared in triplicate, and a minimum of three independent runs was performed for each sample. Fluorescent measurements were normalized to the curve of the blank no antioxidant . The ORAC values, expressed as mM trolox equivalents mM TE/ g , are obtained by applying the following formula:
ORAC mM TE/g C Trolox AUC Sample AUC Blank C Sample AUC Trolox AUC Blank where C Trolox is the concentration mM of trolox, C Sample is the concentration mg/mL of the sample, and AUC Sample , AUC Blank , and AUC Trolox are the areas below the fluorescence decay curve of the sample, blank, and trolox, respectively, calculated by applying the following formula:
where f 0 is the initial fluorescence and f n is the fluorescence at time n.
RESULTS AND DISCUSSION

Constituents of volatile oil from Pavonia odorata
In this study, 0.009 w/w yellowish oil with a spicy, sweet, and green odour was obtained as the volatile oil. A total of 85 compounds were identified in the volatile oil of P. odorata, representing about 87.93 of the oil. The classification of the volatile oil is summarized in Table 1 .
Monoterpenes and sesquiterpenes constituted 9.08 and 13.69 of the volatile oil, respectively. In particular, pmenthane type in monoterpenes constituted 6 23 . This compound is likely involved in antimicrobial activity of P. odorata. Previously, palmitic acid was identified as the main compound of the volatile oil obtained from the P. odorata roots 2, 5 . In contrast, ageratochromene, h e x a h y d r o f a r n e s y l a c e t o n e , β -e u d e s m o l , a n d β-caryophyllene oxide were identified for the first time in this study as the components of the volatile oil from the aerial parts of P. odorata. Hexahydrofarnesyl acetone is a component of volatile oils found in many plants of families such as Fabaceae 19 , Rosaceae 25 , and Asteraceae 26 . In addition, muurolane 68; 0.90 is an unusual sesquiterpene and was identified as a characteristic compound in Malvaceae for the first time. This compound was identified as a component of only three families: Hypericum, Lamiaceae, and Asteraceae 27 29 . β-Eudesmol, a sesquiterpene alcohol, has woody odour 17 , while β-caryophyllene oxide, a bicyclic sesquiterpene, has spicy and woody odour 30 .
GC-O, AEDA and RFA
In order to gain insight into the potent odorants contributing to the characteristic aroma of P.odorata, AEDA method was performed through GC-O analysis 31 . The aroma-active compounds and their odour properties are shown in Table 2 . A comparison of the gas chromatogram obtained by GC using an HP-5MS column and the corresponding FD chromatogram of the odour-contributing compounds are shown in Fig. 2 . Based on the FD-factors, it was found that β-caryophyllene oxide 60; FD-factor 128, spicy was the most intense (Tronto, Canada); Other, reference mass spectrum and retention index were measured outside the author' s laboratory (the identification is therefore considered to be tentative). e Our previous studies: 21 from miyazawa et al. 14) ; 45, 47 from miyazawa et al. 15) ; 56 from miyazawa et al. 16) ; 63, 64, 73, 77 and 85 from miyazawa et al. 17, 18) ; 66 from miyazawa et al. 19 )
Table 1 (Continued).
aroma-active compound among 14 aroma compounds detected by AEDA in the volatile oil to followed by E -pinocarveol 21; FD-factor 64, sweet and 3-butylpyridine 23; FD-factor 64, spicy . Compounds that were also somewhat involved in the aroma included 2-nonanone 66; FDfactor 32, green , 2-pentyl furan 9; FD-factor 16, fruity , and 6-methyl-5-hepten-2-one 8; FD-factor 16, fruity were also involved in the aroma Fig. 3 . As a main compound, ageratochromene 67 was less important among the aroma-active compounds of P. odorata because of its FD-factor was not detected. Generally, FD-factors can be considered as an indication of aroma contribution where compounds with a high FD-factor are considered important aroma compounds. However, the high FD-factor of the compounds might be caused by their high oil contents. Therefore, the relative flavour activity RFA was calculated by including both the FD-factor and weight percentage of each compound were involved 32 . The RFA values of aroma-active compounds in P. odorata oil are shown in Table 2 . As shown in Fig. 4 , the RFA value of β-caryophyllene oxide was not high in spite of its high FDfactor of 128. Consequently, it could be assumed that the high FD-factor of β-caryophyllene oxide might be due to their high concentration 2772 mg/kg in the sample. b Odour quality perceived through the sniffing port. c mg/kg given for 1 kg plant materials. These values were computed from the volatile oil yield and GC peak area. d The sample concentration (10 mg/mL) was assigned an FD factor of 1. e RFA = log FD factor (2 n ) / S 0.5 , where S is the weight percentage.
6-Methyl-5-hepten-2-one, 2-pentyl furan, 2-nonanone, Epinocarveol, and 3-butylpyridine had high FD-factors as well as high RFA 2.0 . These compounds are suggested to be the characteristic aroma compounds of the volatile oil obtained from the aerial parts of P. odorata. The sniffing test of the original volatile oil by GC-O is an effective method to determine the key aroma compounds. As shown in Table 2 , E -pinocarveol, 3-butylpyridine, and 2-nonanone were estimated to have sweet, spicy and green aromas, respectively via the sniffing test. Thus, compounds with highest contribution are 3-butylpyridine 23; RFA 3.8, spicy , followed by E -pinocarveol 21; RFA 3.7, sweet and 2-nonanone 17; RFA 3.1, green . Moreover, 2-pentyl furan 9; RFA 2.4, fruity and 6-methyl-5-hepten-2-one 8; RFA 2.3, fruity also contributed essentially to the aroma of the volatile oil at some level.
ORAC assay
During the ORAC assay, the decrease in the fluorescene intensity was followed to monitor the decay of the fluorescence curve. A calibration curve was obtained by plotting the area under the curve AUC against trolox concentration in the 0.3125-20 mM range. The equation of the calibration curve was y 0.1891x 8.0628 with a good correlation coefficient r 2 0.9816 . Fig. 5 shows the decay of fluorescence intensity of fluorescein for the blank, trolox, and the volatile oil obtained from P. odorata. In this study, the ORAC assay is successfully used to determine the antioxidant behavior of the volatile oil from P. odorata using BHT as a positive control, reaching values of 594.2 25.9 and 549.0 27.0 mM TE/g, respectively Table 3 . The values obtained in the ORAC assay for the volatile oil from P. odorata and BHT were similar, indicating comparable antioxidative abilities. Furthermore, using the ORAC assay, ageratochromene 67 was shown to attain a value of 3629.3 376.9 mM TE/g Table 3 . It is assumed that ageratochromene affects the antioxidative ability of the volatile oil. The levels of antioxidant activity against peroxyl radicals were determined as ageratochromene the volatile oil BHT Blank. These data revealed that the volatile oil from P. odorata might be a good dietary source of antioxidants. There are only a few reports of the antioxidant ca- pacity of a volatile oil measured by the ORAC methods 33 .
Therefore, the results of this study should lead to further research on the antioxidative capacities of volatile oils.
In conclusion, we have identified 85 compounds by analyzing the composition of the volatile oil of P. odorata. Ageratochromene, palmitic acid, hexahydrofarnesyl acetone, β-eudesmol, and β-caryophyllene oxide were identified as the main components of the volatile oil. In addition, we have investigated the characteristic odour compounds of P. odorata by a sensory evaluation and RFA. Based on AEDA, RFA, and sensory evaluations, E -pinocarveol, 3-butylpyridine, 2-nonanone, 2-pentyl furan, and 6-methyl-5-hepten-2-one are estimated to be the chief aroma-active compounds of the volatile oil. In order to investigate the usefulness of the oil and ageratochromene, we performed the ORAC assay. The ORAC values of them were similar or better than that of the positive control. We hope that these results will be used in the future for medicinal plant, food, and the similar studies.
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Tabel 3
The antioxidant activity of the volatile oil from P.odorata and ageratochromene. Fig. 5 The decay of fluorescence intensity of fluorescein for the blank (■), trolox (2.5 mg/mL) (•), and volatile oil from P. odorata (50 mg/mL) (▲). 
